SUMMARY. Twenty-two preemergent herbicides were applied at their maximum labeled rates and twice those rates to determine their safety and effectiveness on areca palm [Dypsis lutescens (H. Wendl.) Beentje & Dransf.], pygmy date palm (Phoenix roebelenii O'Brien), and mexican fan palm (Washingtonia robusta H. Wendl.). Two products, dichlobenil and metolachlor showed consistent phytotoxicity on all three species. Several of the remaining products caused death of the apical meristem in mexican fan palms and reduced growth rates in pygmy date palms, but most caused little damage to areca palms. Herbicides applied as sprays generally remained effective for 2 to 4 months, whereas granular products, especially those containing oxyfluorfen plus another chemical, were effective for up to 8 months.
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RESEARCH REPORTS
ground over a long period of time, weed infestations are often more severe than they would be in plants growing on benches in a greenhouse. The year-round warm climate required for growing palms also results in yearround weed growth. Preemergent herbicides have been widely used on other types of container-grown ornamental plants, but relatively few are labeled in the United States for use on palms. Earlier tests of some preemergent herbicides on several species of palms indicated that some of the products tested were rather toxic to palms and that the symptoms of phytotoxicity on these slow-growing plants may not become apparent until 8 months or longer following herbicide application (Donselman and Broschat, 1986; Meerow and Broschat, 1991) . Since a number of temperate and subtropical weeds encountered during palm production are not readily controlled by some of the safer products currently labeled for palms (Neel, 1977) , an experiment was set up to evaluate the phytotoxicity and efficacy of 22 commercially available preemergent herbicides that are currently labeled for use on palms or other types of containergrown ornamental plants.
Materials and methods
Seedlings of areca palm, pygmy date palm, and mexican fan palm growing in 1 qt (1 L) containers were potted up into 1 gal (3.8 L) plastic containers using a 5 pine bark: 4 sedge peat: 1 sand (by volume) substrate. This substrate was amended with dolomitic limestone at 12 lb/yd 3 (7.1 kg·m -3
) and Micromax (Scotts Co., Marysville, Ohio) at 1.5 lb/yd 3 (890 g·m -3
). All containers received a single dibbled application of Osmocote 15N-3.9P-10K (Scotts Co.) and received about 0.8 inches (2 cm) of water daily from overhead irrigation and/or rainfall. Plants were grown in a fabric-covered shadehouse (55% light exclusion) and were allowed to become infested naturally with weeds common in the nursery.
Eight replicate pots of each palm species were treated with 22 preemergent herbicides at their maximum label rate (1×) and twice that rate (2×) to determine their relative safety on palms (Table 1 ). Granules were broadcast over the surface of the containers beneath the palm canopies. Foliar sprays were applied over the top of the foliage for all products except thiazopyr and oxyfluorfen, which were sprayed only over the soil surface as required by their labels. Metolachlor was applied over the foliage, but was immediately rinsed off with water according to its label. Foliar applied herbicides were applied in 5 fl oz of spray solution over a 14 ft 2 area (150 mL over 1.3 m 2 ) using a hand-held pump-up sprayer.
Every two months for 10 months, all palms were rated subjectively on a 0 to 5 scale (0 = dead, 3 = moderate injury, 5 = no injury). The number of weeds of each weed species was also recorded for each pot with weeds being removed after each counting. Since weed numbers were relatively small for each individual weed species, their numbers were combined to determine herbicide efficacy. Plant shoot dry mass was determined at the end of 10 months by cutting the palms at soil level and drying the tops at 140 °F (60 °C) until constant weight was achieved. Data were analyzed by analysis of variance with mean separations by the WallerDuncan k ratio method.
Results and discussion
PHYTOTOXICITY. Areca palms tolerated most of the 22 preemergent herbicides at both rates tested ( Table  2 ). The most notable exception was dichlobenil, which caused relatively minor visible phytotoxicity symptoms at the 1× rate, and moderate injury at the 2× rate. Shoot dry mass for dichlobenil-treated areca palms was also significantly less than that of the controls for rates tested. Palms treated with this product had strongly curled rachi and extremely brittle rachi and leaflets. The only other product that caused visible injury to areca palms was metolachlor, which resulted in rather minor distortion and tip necrosis of the new growth. Oxyfluorfen, when applied as a spray, resulted in significantly lower shoot dry mass for areca palms, yet this chemical when applied in combination with other chemicals in granular form, did not reduce plant growth. Virtually all palms were symptom-free 10 months after treatment since all foliage present at the time of treatment had been replaced by new leaves by 10 months.
Pygmy date palms were little affected by any of the 22 herbicides tested (Table 3) . Only dichlobenil, simazine, and metolachlor at their 2× rates produced any significant damage on this species, and the plants quickly recovered from that. Plant dry weight was significantly reduced, however, for many of the products tested. Treatments resulting in significant growth reductions in this species included benefin + oryzalin (both rates), DCPA (2× rate), dichlobenil (both rates), diuron (2× rate), isoxaben + oryzalin (2× rate), oxyfluorfen + thiazopyr (2× rate), pendimethalin (2× rate), thiazopyr granules (both rates), and trifluralin (2× rate). Two of the products that stunted pygmy date palm growth contained oryzalin, a chemical that also reduced palm heart yield in field-grown pejibaye (Bactris gasipaes Kunth.) (DeFrank and Clement, 1995). However, oryzalin by itself did not result in growth reduction in any of the three species tested in this experiment, suggesting that a synergistic effect of oryzalin with isoxaben and benefin may have occurred on the palms in this study. Herbicide injury that occurred during the first two months on mexican fan palms typically appeared as tip necrosis and/or distortion of the new leaves. Injury that occurred after 2 months generally affected the apical meristem and usually resulted in death of the spear leaf, followed by death of the entire palm. The latter symptoms were similar in appearance to several bud rot diseases that may have affected palms stressed by some of the herbicides. Relatively few treatments were completely free from the latter type of injury. However, since none of the control palms exhibited bud rot symptoms, any bud rotting agents involved were probably secondary invaders following bud injury by the various herbicides. Those products that did not injure mexican fan palms at either rate included benefin + oryzalin, oxadiazon + prodiamine, oxyfluorfen + thiazopyr, and simazine (Table 4 ). In addition, the 1× rates of isoxaben, oxyfluorfen + oxadiazon, thiazopyr granules, trifluralin + isoxaben and the 2× rate of trifluralin were also free of symptoms throughout the experiment. However, due to the considerable variability in the phytotoxicity ratings for this spe-cies, only dichlobenil (both rates), diuron (both rates), isoxaben + oryzalin (2× rate), and metolachlor (2× rate) ever had phytotoxicity ratings significantly different from the controls. Shoot dry mass did not differ significantly among treatments. The only product that was consistently phytotoxic to all three species of palms was dichlobenil. Metolachlor resulted in minor phytotoxicity in areca palm and mexican fan palm in this study, but Meerow and Broschat (1991) reported severe phytotoxicity from this product on similar and additional palm species. The most likely explanation for this difference was that this product was immediately rinsed off the foliage following application in this study as recommended on the label. Meerow and Broschat (1991) did not rinse the foliage following application in their study.
The products containing oxyfluorfen + oryzalin and oxyfluorfen + pendimethalin were evaluated on four species of palms, including areca palm, by Donselman and Broschat (1986) who found these products to be moderately phytotoxic on all four species. Although these products may have been changed by their manufacturers during the intervening 14 years, it is also possible that environmental factors may influence their activity and safety. Oxadiazon was quite safe on the five species tested by Donselman and Broschat (1986) and Neel (1977) . ). Numbers of each individual weed species were generally too low to show significant differences among treatments with respect to their control and total weed count per pot was therefore used for statistical analysis. Since overall weed infestations were most severe in the mexican fan palms, only weed control data for that species was presented.
All 22 products except isoxaben (1× rate) gave significantly better weed control than the untreated control during the first 2 months (Table 5) . At 4 months, DCPA (both rates), diuron (both rates), isoxaben (both rates), metolachlor (both rates), oryzalin (both rates), oxyfluorfen (1× rate), and prodiamine (1× rate) provided no significant weed control. All of these products are applied as a spray. After 6 months, only oxadiazon + prodiamine (1× rate), oxyfluorfen + oryzalin (both rates), oxyfluorfen + oxadiazon (both rates), oxyfluorfen + pendimethalin (2× rate), and oxyfluorfen + thiazopyr (both rates) provided significant weed control. All of these products are granular formulations. By 8 months, there were no significant differences between treatments and the controls.
Conclusions
With the exceptions of dichlobenil and metolachlor, which caused some degree of injury on all three palm species, most of the products tested were relatively safe for use on these containergrown palms when applied according to their label and at twice the labeled rate. Although visible injury was relatively rare on pygmy date palms, many of the products did result in reduced growth rates in that species. Virtually all of the 22 herbicide treatments provided good weed control for 2 months, but most of the spray-applied formulations were ineffective by 4 months. Granular products generally lasted longer, with those containing oxyfluorfen plus another active ingredient lasting at least 6 months. DeFrank, J. and C.R. Clement. 1995 
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